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© Membrane filtration system, method for subjecting a liquid to membrane filtration, and method for 
cleaning such a membrane filtration system. 



© The invention relates to a membrane filtration 
system, comprising a series of membrane filtration 
modules, each of the membrane filtration modules 
having at least a housing, a semi-permeable mem- 
brane accommodated in the housing, a supply pipe 
for liquid to be filtered, which supply pipe connects 
to the housing at one side of the membrane, a 
concentrate discharge pipe which connects to the 
housing at the same side of the membrane, and a 
filtrate discharge pipe which connects to the housing 
at the other side of the membrane, in which system 
the modules are connected in series with regard to 
the liquid to be filtered and are connected in parallel 
with regard to the filtrate, which system is character- 
ized in that the concentrate discharge pipe of the 



last membrane filtration module, viewed in the direc- 
tion of flow, can be shut off. This makes it possible 
to combine the advantages of the cross-flow mem- 
brane filtration system with those of the dead-end 
system. A bypass pipe which can be shut off is 
preferably also present between the liquid supply 
pipe of the first module and the concentrate dis- 
charge pipe of the last module of the modules 
connected in series. This makes it possible essen- 
tially to reverse the direction of flow through the 
membrane filtration modules. The present mem- 
brane filtration system has the advantage that no 
separate network of pipes is required for cleaning 
the modules. 
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The invention relates to a membrane filtration 
system, comprising a series of membrane filtration 
modules, each of the membrane filtration modules 
having at least a housing, a semi-permeable mem- 
brane accommodated in the housing, a supply pipe 
for liquid to be filtered, which supply pipe connects 
to the housing at one side of the membrane, a 
concentrate discharge pipe which connects to the 
housing at the same side of the membrane, and a 
filtrate discharge pipe which connects to the hous- 
ing at the other side of the membrane, in which 
system the modules are connected in series with 
regard to the liquid to be filtered and are con- 
nected in parallel with regard to the filtrate. 

Such a system is known as the "cross-flow 
membrane filtration system", and is used for less 
clear liquids which are more heavily membrane- 
soiling in nature. This system is characterized in 
that during the fiitration the iiquid to be filtered is 
conveyed along the membrane surface at a great 
velocity compared with the filtration velocity. The 
separated-out impurities are thus discharged con- 
tinuously, and the build-up of a layer of impurities 
on the membrane surface is avoided. The liquid 
velocities in this known system generally lie be- 
tween 1 and 5 m/sec, so that various pumps with 
high energy requirements are needed for maintain- 
ing such liquid velocities, while the system itself is 
quite complex, owing to the network of pipes. 

A membrane filtration system of the type in- 
dicated above has now been found which, in addi- 
tion to advantageous anti-soiling behaviour, uses 
less energy, owing to the simple construction of 
the system, which makes it particularly suitable for 
liquids which are moderately soiling types. 

The membrane filtration system according to 
the invention is more particularly characterized in 
that the concentrate discharge pipe of the last 
membrane filtration module, viewed in the direction 
of flow of the liquid to be filtered, can be shut off. 

Shutting off the concentrate discharge pipe of 
the last module during filtration ensures that at 
least all liquid supplied to said module has to pass 
through the membrane present in the module. 

It is pointed out that a membrane filtration 
system consisting of one or more parallel mem- 
brane filtration modules connected in series, which 
system is such that all liquid supplied to the mem- 
brane filtration modules has to pass through the 
membrane of those modules, is known as the 
dead-end system. 

The disadvantage of such a system is that the 
material retained by the membrane during the fil- 
tration process forms a gradually thickening layer 
on the membrane surface, with the result that this 
type of membrane filtration acquires the nature of a 
clogging filtration, and the flow through the mem- 
brane decreases as a function of the clogging. This 



type of membrane filtration is therefore generally 
used for clear liquids with a low degree of soiling. 
The advantage of this system is, however, the 
simple construction. 

5 Surprisingly, it has now been found that the 

membrane filtration system according to the inven- 
tion, as far as simple construction is concerned, is 
comparable to the known dead end system, but in 
addition has the advantageous anti-soiling behav- 

ro iour of the cross-flow system. 

These advantages are obtained through the 
fact that the membrane modules in the system 
according to the invention are arranged in such a 
way that during the filtration process, and viewed in 

75 the direction of flow of the liquid to be filtered, a 
number of modules are connected in series and 
possibly a number of these series in parallel. The 
first part of these modules works under cross-flow 
conditions, and trie iasi module of each series 

20 under dead-end conditions. 

Depending on the actual number of modules 
connected in series, it can be expedient to reduce 
in the direction of flow the number of series of 
modules to be used in parallel for the filtration. 

25 The membrane filtration system according to 

the invention can also be cleaned in a very efficient 
and economically advantageous way, preferably 
using a part of the filtrate formed during membrane 
filtration, and a separate network of pipes is essen- 

30 tially superfluous. 

The membrane filtration system according to 
the invention is more particularly characterized in 
that, for cleaning of the membrane filtration system, 
the supply pipe for liquid to be filtered in the first 

35 membrane filtration module, viewed in the direction 
of flow of said liquid, can be shut off, and the 
filtrate discharge pipes of ail membrane filtration 
modules open out into a filtrate collecting pipe. 
Beneficial use is thus made of the network of 

40 pipes of the membrane filtration system. 

The direction of flow of the cleaning liquid 
flushed back through the membrane in this case 
corresponds at the concentrate side to that of the 
liquid to be filtered at the same side of the filtra- 

45 tion. However, the first part of the modules placed 
in series is now operating under dead-end con- 
ditions, while the remaining modules are operating 
under cross-flow conditions. In this case the cross- 
flow which has arisen increases in velocity in the 

so direction of the flow during filtration. 

However, during the cleaning one may wish to 
make the first part of the modules connected in 
series operate under cross-flow conditions, and the 
last part of the modules connected in series op- 

55 erate under dead-end conditions. In order to make 
this possible, the membrane filtration system ac- 
cording to the invention also has a bypass pipe 
which can be shut off, lying between the liquid 
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supply pipe of the first module and the concentrate 
discharge pipe of the last module of the modules 
connected in series. 

According to a variant which is very attractive 
in practice, the membrane filtration system accord- 
ing to the invention is characterized in that each 
membrane filtration module present in the mem- 
brane filtration system is replaceable by a com- 
bination of several membrane filtration modules in 
which the liquid supply pipes and the concentrate 
discharge pipes respectively are connected in par- 
allel and connect to the liquid supply pipe and the 
concentrate discharge pipe respectively of the sys- 
tem or an adjacent combination of membrane filtra- 
tion modules, provided that, viewed in the direction 
of flow of the liquid to be filtered, each following 
combination of membrane filtration modules com- 
prises the same or a lower number of modules. 

ine invention aiso reiates to a method for 
subjecting a liquid to membrane filtration, using a 
membrane filtration system consisting of a series 
of membrane filtration modules in which each of 
the membrane filtration modules has at least a 
housing, a semi-permeable membrane accommo- 
dated in the housing, a supply pipe for liquid to be 
filtered, which supply pipe connects to the housing 
at one side of the membrane, a concentrate dis- 
charge pipe which connects to the housing at the 
same side of the membrane, and a filtrate dis- 
charge pipe which connects to the housing at the 
other side of the membrane, in which system the 
modules are connected in series with regard to the 
liquid to be filtered and are connected in parallel 
with regard to the filtrate. 

Such a method is known as the cross-flow 
system. The liquid to be filtered is conveyed along 
the membrane surface at relatively great velocity 
compared with the filtration velocity. There are two 
systems of cross-flow principle: the circulation sys- 
tem consisting of several circulation loops, in which 
most of the liquid passes along the same mem- 
brane surface, and the single-pass system, in 
which the liquid passes along the total membrane 
surface once. This has the advantage that the 
build-up of a layer of dirt on the membrane surface 
can be prevented. However, additional measures 
are necessary for such a method, compared with a 
dead-end system, particularly in the form of pumps 
and pipes. 

A method which overcomes such drawbacks 
has now been found. 

The method according to the invention is char- 
acterized in that in operation the concentrate dis- 
charge pipe of the last membrane filtration module 
of the series, viewed in the direction of flow of the 
liquid to be filtered, is shut off in order to obtain an 
essentially dead-end situation in the abovemen- 
tioned last membrane filtration module and an es- 



sentially cross-flow situation in at least the first 
membrane filtration module of the series. 

So-called dead-end conditions are thus created 
in this last membrane filtration module. With little 
5 energy consumption a flow pattern comparable to 
that of the cross-flow system, and with an accom- 
panying advantageous anti-soiling behaviour, is 
thus obtained in all the preceding membrane filtra- 
tion modules. 

10 By, on the contrary, reversing the direction of 

flow through the modules, i.e. supplying the liquid 
to the last module, so-called dead-end conditions 
are created in the first membrane filtration module. 
This is achieved more particularly through the fact 

75 that in operation the liquid supply pipe of the first 
membrane filtration module of the series, viewed in 
the direction of flow of the liquid to be filtered, is 
shut off, and the liquid to be filtered is supplied to 
the last module, in order to obtain an essentially 

20 dead-end situation in the abovementioned first 
membrane filtration module and an essentially 
cross-flow situation in at least the last membrane 
filtration module of the series. 

The invention also relates to a method for 

25 cleaning a membrane filtration system consisting of 
a series of membrane filtration modules, each of 
the membrane filtration modules having at least a 
housing, a semi-permeable membrane accommo- 
dated in the housing, a supply pipe for liquid to be 

30 filtered, which supply pipe connects to the housing 
at one side of the membrane, a concentrate dis- 
charge pipe which connects to the housing at the 
same side of the membrane, and a filtrate dis- 
charge pipe which connects to the housing at the 

35 other side of the membrane, in which system the 
modules are connected in series with regard to the 
liquid to be filtered and are connected in parallel 
with regard to the filtrate, while the filtrate dis- 
charge pipes of all modules open out into a filtrate 

40 collecting pipe, which is characterized in that, for 
cleaning, the supply pipe for liquid to be filtered in 
the first membrane filtration module, viewed in the 
direction of flow of the liquid, is shut off, and the 
concentrate discharge pipe of the last membrane 

45 filtration module, viewed in the direction of flow of 
the liquid to be filtered, is opened, and filtrate is 
supplied through the filtrate collecting pipe to the 
membrane filtration modules, in order to remove 
the layer of built-up dirt by back-flushing the mem- 

50 brane with filtrate. The connection in series of the 
modules at the soiled (concentrate) side of the 
membrane filtration modules means that during the 
cleaning by the filtrate supply of each module the 
longitudinal flow velocity along the membranes in- 

55 creases in the direction of the main flow, from a 
very low value in the first module to a maximum 
velocity in the last module. The abovementioned 
first membrane filtration module in this case is 
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essentially operating in a dead-end situation, while 
the remaining membrane filtration modules are es- 
sentially operating in a cross-flow situation. This 
means that the least soiled module during filtration, 
i.e. the first module during filtration, is cleaned 
least efficiently, but the most soiled module, i.e. the 
last module during filtration, is cleaned most effi- 
ciently. 

According to an expedient variant, the direction 
of the main flow can be reversed during a second 
part of the back-flushing cycle. More particularly, 
the method according to the invention is character- 
ized in that the membrane filtration system is pro- 
vided with a bypass pipe which can be shut off, 
lying between the liquid supply pipe of the first 
module and the concentrate discharge pipe of the 
last module of the modules connected in series 
and, for cleaning, the supply pipe for liquid to be 
filtered in the first membrane fiiiration module is 
shut off, said bypass pipe is opened, the con- 
centrate discharge pipe of the last membrane filtra- 
tion module, viewed in the direction of flow of liquid 
to be filtered, is shut off, and filtrate is supplied 
through the filtrate collecting pipe to the membrane 
filtration modules, in order to obtain an essentially 
dead-end situation in the abovementioned last 
module and an essentially cross-flow situation in 
the abovementioned first module. 

It is pointed out that the membrane to be used 
in the present invention is not particularly limited. 
For example, a hollow fibre membrane can be 
used, in which case during filtration the liquid to be 
filtered is either on the outside of the hollow fibre 
membrane or on the inside thereof, depending on 
the positioning in a module. 

On the other hand, a capillary membrane can 
equally well be used, in which case during filtration 
the liquid to be filtered is either on the outside or 
on the inside of the capillary; or a tubular mem- 
brane can be used, in which case during filtration 
the liquid to be filtered is likewise either on the 
outside or on the inside of the tubular membrane. 

Flat plate membranes or coiled membranes 
can also be used. 

The invention is explained in greater detail with 
reference to the appended drawing, in which: 

Fig. 1 shows a known membrane filtration sys- 
tem according to the dead-end principle; 
Fig. 2 shows a membrane filtration system ac- 
cording to the cross-flow principle, of the cir- 
culation type; 

Fig. 3 shows a membrane filtration system, like- 
wise of the cross-flow principle, of the single- 
pass type; 

Fig. 4 shows a membrane filtration system ac- 
cording to the invention; and 
Fig. 5 shows another embodiment of a system 
according to the invention. 



Figure 1 shows a filtration system of the so- 
called dead-end type. In this case during the pro- 
duction cycle liquid to be filtered is forced by 
pump 1 through valve 2 into the membrane filtra- 

5 tion module 4. Membrane filtration module 4 is 
provided with a semi-permeable membrane 5 
which allows through the liquid and retains the 
compounds to be removed. The filtered liquid 
leaves the membrane filtration module through 

70 valve 6 to product tank 9. The valves 3 and 7 are 
closed during the production cycle. All liquid sup- 
plied by the feed pump 1 passes through the 
membrane, while the main flow direction of the 
liquid is towards the membrane. During the clean- 

15 ing cycle the valves 2 and 6 are closed and the 
valves 3 and 7 are opened. By means of pump 8, 
filtered liquid is used for flushing the membrane in 
the backward direction. The substances retained by 
the membrane are discharged through valve 3. 

20 Since the membrane forms the main resistance 
during the back-flushing with the filtered liquid, it 
will be clear that the back-flushing velocity achiev- 
able is of the same order of magnitude as the 
filtration velocity at the beginning of the filtration 

25 cycle. Apart from the feed pump, the dead-end 
system has only one other pump for back-flushing 
of the membranes, and is therefore a very simple 
system as regards construction. 

A filtration system of the dead-end type is, 

30 however, unsuitable for liquids which are mod- 
erately to highly soiling, on account of the too rapid 
soiling of the membrane system. 

Fig. 2 shows a circulation loop of a known 
cross-flow system of the circulation type. 

35 Feed pump 3 in this system brings the liquid to 

pressure and injects it into a circulation loop con- 
sisting of a circulation pump 11 and a number of 
membrane filtration modules 12 provided with a 
semi-permeable membrane 13. The main flow di- 

40 rection in the membrane filtration modules is par- 
allel to the membrane, and the velocity is a few 
orders of magnitudes greater than the filtration ve- 
locity through the membrane. The filtrate passing 
through the membrane is discharged to the product 

45 tank 14. The flow velocity in the modules con- 
sequently decreases slightly in the main flow direc- 
tion. This decrease is kept as low as possible 
through selection of the number of modules and of 
the size of the circulation pump. A part of the 

so concentrate with the substances retained by the 
membrane and entrained by the circulation flow is 
continuously discharged through valve 15. A full 
membrane filtration plant generally consists of a 
number of such types of circulation loops in series, 

55 each with their own circulation pump. The char- 
acteristic of a cross-flow system of the circulation 
type is that the liquid in such a system passes 
through a particular membrane filtration module 
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several times. 

Another embodiment of the cross-flow system 
is shown in Figure 3, the so-called single-pass 
type. 

More particularly, feed pump 16 feeds the liq- 
uid to be filtered to a first section with a number of 
first membrane filtration modules 17 which are con- 
nected in parallel and are each provided with a 
semi-permeable membrane 18. The filtrate from 
these modules is discharged through pipes 24 to 
product tank 23, the concentrate is brought to 
pressure again by booster pump 19 and fed to a 
following section, also with a number of membrane 
filtration modules connected in parallel and pro- 
vided with a semi-permeable membrane 21. The 
filtrate is discharged through pipe 25 to product 
tank 23. The concentrate is discharged continu- 
ously through valve 22. In this system also, the 
main flow direction of the liquid in the membrane 
filtration modules is parallel to the membrane sur- 
face, and the velocity is orders of magnitude great- 
er than the filtration velocity itself. In this embodi- 
ment of the cross-flow system the velocity in the 
main flow direction decreases through loss of fil- 
trate. In such a system the number of parallel 
membrane filtration modules is therefore advanta- 
geously selected to be smaller in the second and 
any following sections than in the preceding sec- 
tion, in order to bring the flow velocity back to at 
least the region of that in the preceding section. In 
such a system the liquid to be filtered passes 
through a membrane filtration module only once. 
Such a type of system is therefore called a single- 
pass system. A complete single-pass system is 
generally made up of a number of steps, each with 
its own booster pump. 

Cross-flow membrane filtration systems are ex- 
cellent for more heavily membrane-soiling liquids, 
but by their nature they are more complex in 
construction than dead-end systems, and their en- 
ergy consumption is also higher. 

Fig. 4 shows diagrammatically the membrane 
filtration system according to the invention. 

During production, feed pump 26 supplies the 
liquid to be filtered through valve 42 and 43a to a 
number of membrane filtration modules 27, 29, 31, 
33 and 35, connected in series in the main flow 
direction, and each provided with a semi-perme- 
able membrane 28, 30, 32, 34 and 36. During the 
production cycle, valves 41, 43, 44 and 44a are 
closed. The filtrate from each membrane filtration 
module is discharged to product tank 39 through a 
collecting pipe 37 and valve 38. The quantity of 
liquid flowing from module 27 to module 29 is 
equal to the supply to module 27 minus the quan- 
tity of filtrate produced by module 27. The mem- 
brane in module 27 is consequently operating un- 
der cross-flow conditions. The same applies to the 



membranes in modules 29, 31 and 33. Since valve 
44 is closed during production, the membrane in 
module 35 is operating under dead-end conditions. 
The main flow velocity parallel to the membrane 

5 surface is therefore greatest in module 27 and 
decreases during production in the main flow direc- 
tion from modules 27, 29, 31 and 33 to virtually 
zero in the last module 35. 

It will be clear that the soiling rate increases in 

w the same sequence through this decreasing lon- 
gitudinal flow velocity and also increasing con- 
centration of the substances to be separated out. 
At the end of the production cycle module 27 will 
be least soiled, and module 35 most soiled. 

is The direction of the main flow can expediently 

be reversed during production by closing valve 
43a, opening valve 43, keeping valve 44a closed 
and opening valve 44 during production. The quan- 
tity of liquid fiowing from moduie 35 to moduie 33 

20 is equal to the supply to module 35 minus the 
quantity of filtrate produced by module 35. The 
membrane in module 35 is consequently operating 
under cross-flow conditions. The same applies to 
the membrane in modules 33, 31 and 29. Since 

25 valve 43a is closed during production, the mem- 
brane in module 27 is operating under dead-end 
conditions. The main flow velocity parallel to the 
membrane surface is therefore greatest in module 
35 and during production decreases in the main 

30 flow direction from module 35, 33, 31 and 29 to 
virtually zero in the last module 27. 

It will be clear that the soiling rate increases in 
the same sequence through this decreasing lon- 
gitudinal flow velocity and also increasing con- 

35 centration of the substances to be separated out. 
At the end of this production cycle module 35 will 
be least soiled, and module 27 most soiled. 

For cleaning of the system, the membranes are 
back-flushed with filtrate from the product tank 39. 

40 For this back-flushing cycle the valves 42, 43, 

43a and 38 are closed, and valves 41 and 44 and 
44a are opened. All modules are then back-flushed 
with filtrate by means of pump 40. During this 
back-flushing cycle, module 27 is now operating in 

45 the dead-end situation, and the longitudinal flow 
velocity along the membranes in the direction of 
the main flow increases from a velocity of virtually 
zero in module 27 to a maximum velocity in mod- 
ule 35. This means that the least soiled module, 

so module 27, is cleaned least efficiently, and the 
most soiled module, module 35, is cleaned most 
efficiently. In order also to clean module 27 well, 
during a second part of the back-flushing cycle 
valve 44 is closed and valves 43 and 43a are 

55 opened. This means that, through reversal of the 
main flow direction, the roles of the (now already 
cleaned) module 25 and the still lightly soiled mod- 
ule 27 are reversed, with the result that module 27 
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is still cleaned under the highest longitudinal flow 
velocity. 

In order to obtain during back-flushing already 
at the outset a larger flow velocity of liquid, the 
valves 42, 43a, as well as the valves 44, 44a will be 
opened during some time. This will be advanta- 
geous for membranes having a low back-flushing 
flux. Through the opened valves 42 and 43a some 
liquid will then also be conveyed into the mem- 
brane system and leave the system through the 
valves 44 and 44a. Of course the pressure in the 
supply pipe must be lower than the pressure at the 
permeate side of the membrane (28), and is thus 
not equal to the usual working pressure during 
filtration. By subsequently closing the valves (43, 
43a) as has been described above, the membrane 
modules will then be cleaned very effectively. 

The membrane filtration system according to 
the invention is therefore characterized by such an 
arrangement of the membrane modules that during 
production, and viewed in the direction of the main 
flow, the first modules operate under cross-flow 
conditions, and the last module under dead-end 
conditions. During the back-flushing cycle, on the 
other hand, viewed in the direction of the main 
flow, the first module operates under dead-end 
conditions, and the remaining modules under 
cross-flow conditions. Very effective cleaning is 
achieved in this way. 

Fig. 5 shows a different embodiment of the 
membrane filtration system shown in Fig. 4, start- 
ing from the cross-flow system of the single-pass 
type explained in Fig. 3. More particularly, how- 
ever, in this variant the concentrate obtained from 
the modules 20 connected in parallel is brought to 
pressure again and supplied by booster pump 45 
to a third section of two modules 47 connected in 
parallel; and the concentrate obtained therefrom is 
fed to membrane filtration module 50 by means of 
booster pump 48. During the filtration cycle the 
valves 52, 54 and 56 are closed. The first section 
of in this case four modules 17 connected in par- 
allel is consequently operating under cross-flow 
conditions, as are the second and third sections of 
three modules 20 and two modules 47 respectively 
connected in parallel. On the other hand, module 
50 is operating under dead-end conditions, since 
valve 54 is closed during filtration. As has already 
been explained with reference to Fig. 4, at the end 
of the production cycle the first section of modules 
17 will be least soiled, and module 50 most soiled. 

It has been found that also in a system of the 
type shown in Fig. 5 the back-flushing cycle ac- 
cording to the invention can advantageously be 
used for cleaning the modules. 

In the first variant of the cleaning system ac- 
cording to the invention the valves 55 and 53 are 
closed and valves 52 and 54 are opened. Filtrate is 



then fed back from tank 23 by means of pump 57. 

The first section of modules 17 is then operat- 
ing in the dead-end situation, while module 50 is 
operating in the cross-flow situation, with the result 

5 that module 50 is cleaned most efficiently. If de- 
sired, the section of modules 17 can be brought 
under cross-flow conditions and module 50 under 
dead-end conditions by closing valve 54 and open- 
ing valve 56, with the result that the direction of 

w flow along the membrane in the modules is re- 
versed. During cleaning, the pumps 19, 45 and 48 
are at a standstill. These pumps can be flowed 
through in the reverse direction. 

75 Claims 

1. Membrane filtration system, comprising a se- 
ries of membrane filtration modules (27, 29, 
31, 33, 35), each of the membrane filtration 

20 modules having at least a housing, a semi- 

permeable membrane (28, 30, 32, 34, 36) ac- 
commodated in the housing, a supply pipe for 
liquid to be filtered, which supply pipe con- 
nects to the housing at one side of the mem- 

25 brane, a concentrate discharge pipe which 

connects to the housing at the same side of 
the membrane, and a filtrate discharge pipe 
which connects to the housing at the other 
side of the membrane, in which system the 

30 modules are connected in series with regard to 

the liquid to be filtered and are connected in 
parallel with regard to the filtrate, character- 
ized in that the concentrate discharge pipe of 
the last membrane filtration module (35), view- 

35 ed in the direction of flow of the liquid to be 

filtered, can be shut off. 

2. Membrane filtration system according to claim 
1, characterized in that, for cleaning of the 

40 membrane filtration system, the supply pipe of 

the liquid to be filtered in the first membrane 
filtration module (27), viewed in the direction of 
flow of said liquid, can be shut off, and the 
filtrate discharge pipes of all membrane filtra- 

45 tion modules open out into a filtrate collecting 

pipe. 

3. Membrane filtration system according to claim 
1 or 2, characterized in that a bypass pipe 

50 which can be shut off is also present between 

the liquid supply pipe of the first module (27) 
and the concentrate discharge pipe of the last 
module (35) of the modules connected in se- 
ries (27, 29, 31 , 33, 35). 

55 

4. Membrane filtration system according to 
claims 1 - 3, characterized in that each 
membrane filtration module (27, 29, 31, 33, 35) 
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present in the membrane filtration system is 
replaceable by a combination of several mem- 
brane filtration modules (17, 20, 47) in which 
the liquid supply pipes and the concentrate 
discharge pipes respectively are connected in s 
parallel and connect to the liquid supply pipe 
and the concentrate discharge pipe respec- 
tively of the system or of an adjacent combina- 
tion of membrane filtration modules, provided 
that, viewed in the direction of flow of the liquid 10 
to be filtered, each following combination of 
membrane filtration modules comprises the 
same or a lower number of modules. 

5. Method for subjecting a liquid to membrane 75 
filtration, using a membrane filtration system 
consisting of a series of membrane filtration 
modules (27, 29, 31, 33, 35) each of the mem- 
brane filtration modules having at least a hous- 
ing, a semi-permeable membrane (28, 30, 32, 20 
34, 36) accommodated in the housing, a sup- 
ply pipe for liquid to be filtered, which supply 
pipe connects to the housing at one side of the 
membrane, a concentrate discharge pipe 
which connects to the housing at the same 25 
side of the membrane, and a filtrate discharge 
pipe which connects to the housing at the 
other side of the membrane, in which system 

the modules are connected in series with re- 
gard to the liquid to be filtered and are con- 30 
nected in parallel with regard to the filtrate, 
characterized in that in operation the con- 
centrate discharge pipe of the last membrane 
filtration module (35) of the series, viewed in 
the direction of flow of the liquid to be filtered, 35 
is shut off, in order to obtain an essentially 
dead-end situation in the above-mentioned last 
membrane filtration module and an essentially 
cross-flow situation in at least the first mem- 
brane filtration module (27) of the series. 40 

6. Method for subjecting a liquid to membrane 
filtration according to claim 5, characterized 
in that in operation the liquid supply pipe of 

the first membrane filtration module (27) of the 45 
series, viewed in the direction of flow of the 
liquid to be filtered, is shut off, and the liquid 
to be filtered is supplied to the last module 
(35), in order to obtain an essentially dead-end 
situation in the abovementioned first mem- 50 
brane filtration module and an essentially 
cross-flow situation in at least the last mem- 
brane filtration module (35) of the series. 

7. Method for cleaning a membrane filtration sys- 55 
tern consisting of a series of membrane filtra- 
tion modules (27, 29, 31, 33, 35), each of the 
membrane filtration modules having at least a 



housing, a semi-permeable membrane (28, 30, 
32, 34, 36) accommodated in the housing, a 
supply pipe for liquid to be filtered, which 
supply pipe connects to the housing at one 
side of the membrane, a concentrate discharge 
pipe which connects to the housing at the 
same side of the membrane, and a filtrate 
discharge pipe which connects to the housing 
at the other side of the membrane, in which 
system the modules are connected in series 
with regard to the liquid to be filtered and are 
connected in parallel with regard to the filtrate, 
while the filtrate discharge pipes of all modules 
open out into a filtrate collecting pipe, char- 
acterized in that, for cleaning, the supply 
pipe for liquid to be filtered in the first mem- 
brane filtration module (27), viewed in the di- 
rection of flow of said liquid, is shut off, and 
the concentrate discharge pipe of ihe iast 
membrane filtration module (35), viewed in the 
direction of flow of the- liquid to be filtered, is 
opened, and filtrate is supplied through the 
filtrate collecting pipe to the membrane filtra- 
tion modules (27, 29, 31, 33, 35), in order to 
obtain an essentially dead-end situation in the 
abovementioned first membrane filtration mod- 
ule (27) and an essentially cross-flow situation 
in the abovementioned last membrane filtration 
module (35). 

8. Method according to claim 7, characterized 
in that the membrane filtration system is pro- 
vided with a bypass pipe which can be shut 
off, lying between the liquid supply pipe of the 
first module (27) and the concentrate dis- 
charge pipe of the last module (35) of the 
modules (27, 29, 31, 33, 35) connected in 
series and, for cleaning, the supply pipe for 
liquid to be filtered in the first membrane filtra- 
tion module (27), viewed in the direction of 
flow of said liquid, is shut off, said bypass pipe 
is opened, the concentrate discharge pipe of 
the last membrane filtration module (35), view- 
ed in the direction of flow of said liquid to be 
filtered, is shut off, and filtrate is supplied 
through the filtrate collecting pipe to the mem- 
brane filtration modules, in order to obtain an 
essentially dead-end situation in the ab- 
ovementioned last module (35) and an essen- 
tially cross-flow situation in the abovemention- 
ed first module (27). 
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